INTRODUCTION
The Norwegian sea-caged population of Atlantic salmon Salmo salar L. has suffered from major disease problems for many years. High incidence of bacterial diseases such as vibriosis, cold-water vibriosis, and furunculosis resulted in serious losses during the 1980s and early 1990s (Jarp et al. 1995) . The introduction of effective vaccines against the dominant bacterial diseases has dramatically reduced the incidence of these diseases in cultured salmonids (Lillehaug 1989) . For viral diseases the situation is less favourable. For approximately 4 mo after seawater transfer of smolt in the spring of 1991, infectious pancreatic necrosis (IPN) occurred in 39.5% of the sea sites housing post-smolt (Jarp et al. 1995) . Subsequently the incidence of clinical IPN remained high (Jarp & Rosten 1993) . Since outbreaks of IPN in post-smolt are associated with mortalities, it is of major importance to clarify risk factors influencing its occurrence.
An epidemiological study of IPN in post-smolt in 1991 revealed that the risk of clinical IPN was related to the mixing of smolt from many freshwater hatcheries at the same sea site (Jarp et al. 1995) . Although the prevalence of infectious pancreatic necrosis vlrus (IPNV) carriers in smolt before seawater transfer has not been systematically investigated, it has been shown that a large number of Norwegian salmonid seawater farms harbour IPNV-carriers (Melby et al. 1991) . It is likely that the infection is carried with the smolt to the sea site; however, the causal mechanisms triggering outbreaks of IPN after seawater transfer are not known.
Reduced immunologic capacity during smoltification has been demonstrated in coho salmon (Maule et al. 1987) , sea trout (Muona & Soivo 1992) , and Atlantic salmon (Muona & Soivo 1992 , Melingen et al. 1995 . In contrast, Olsen et al. (1993) found no suppression of non-specific immunity during the smoltification period in l-yr-old Atlantic salmon. It has been assumed that impaired smoltification of the fish before seawater release may lead to reduced disease resistance in the post-smolt period.
Following the demonstration of humoral neutralizing antibodies against IPNV after injection of the virus into adult salmonids by Wolf & Quimby (1969) , the protective effect of acquired specific immunity against outbreaks of IPN has been investigated. In a study of 2-yr-old rainbow trout, Yamamoto (1975) found that fish with high concentrations of specific antibodies were frequently IPNV-negative. However, Reno et al. (1978 ), Smail & Munro (1985 , and Melby & Falk (3.995) found no association between the presence of IPNV and specific antibodies in healthy rainbow trout and Atlantic salmon. Others have shown that IPNV and specific antibodies may CO-exist for a long time in salmonid carriers (Ahne & Thomsen 1986 , Bootland et al. 1990 .
Natural occurrence of an erythrocytic inclusion body syndrome (EIBS) was first described in Chinook salmon (Leek 1987) . Since then it has been recorded in several salmonid populations (Rodger et al. 1991 , Foott et al. 1992 , Takahashi et al. 1992 , including Norwegian farmed Atlantic salmon (Lunder et al. 1990 ). EIBS may be associated with anaemia in juveniles, and in some cases increased mortality has been observed (Takahashi et al. 1992) . The possibility that EIBSpositive fish may be subject to an increased risk of contracting IPN has been discussed but never substantiated.
The purpose of this study was to determine if there is any association between (1) the presence of specific antibodies against IPNV. (2) the smoltification status of Atlantic salmon smolt, (3) the prevalence of EIBS, and the risk of clinical IPN and cumulative mortality of post-smolt in seawater.
MATERIALS AND METHODS
Design. The study was designed as a prospective longitudinal study with smolt groups as the observation unit. The fish in a defined smolt group had an identical genetic background and vaccination status and were kept in the same freshwater tank from the time of the last vaccination until seawater transfer A total of 29 smolt groups destined for seawater transfer between 25 April to 1 August 1993 were included in the study. During the study period samples from each group were collected 3 times: just before seawater transfer, and about 2 and 6 wk after transfer. On each occasion the specific antibody response against IPNV was tested, hypo-osmoregulatory capacity was measured, and potential EIBS-infection investigated. Prior to seawater transfer pancreas tissue was examined for histological alterations.
At the start of the study, site and fish data at the freshwater hatchery were recorded retrospectively by the local veterinarian using a 2-page questionnaire. At the sea site a questionnaire was used to directly register on-farm data. The study groups were observed for the occurrence of specific diseases and total cumulative mortality until 1 October of the same year.
Enzyme-linked immunosorbent assay (ELISA). For detection of anti-IPNV antibodies in plasma, an indirect enzyme-linked immunosorbent assay (ELISA) as described by Hdvardstein et al. (1990) and later adjusted by Melby & Falk (1995) was performed with some modifications.
IPNV Sp serotype, grown in CHSE-214 cells (Lannan et al. 1984) and uninfected CHSE-214 cells were used as antigen preparations as described by Melby & Falk (1995) . Microtitre plates (96 wells, Nunc-Immuno Plate MaxiSorpTkf) were coated with 100 p1 antigen solution (3 pg protein ml-l) per well. IPNV-antigen was added to 48 wells, and uninfected cell culture-antigen to the remaining 48 wells. The plates were incubated at 4'C for a minimum of 1 night and a maximum of 6 d before the antigen solution was discarded. To block nonspecific protein binding, the wells were incubated with 190 p1 of either 5% non-fat dry milk in phosphatebuffered saline (PBS) with 0.2%) Tween 20, or 1% bovine serum albumin (BSA) in PBS, both at pH 7.4 for 60 min at 37OC. Then 100 yl plasma samples, diluted 1:100, 1:200 and. 1:400 in blocking solution, were added to each well before incubation at 4OC overnight. All dilutions were added both to wells coated with IPNV-antigen and to wells coated with cell cultureantigen. Subsequently, 100 p1 of monoclonal antibody against Atlantic salmon immunoglobulin (D5 or C?, kindly provided by Dr Hans Jsrgen Larsen, Norwegian College of Veterinary Medicine, Oslo, Norway), diluted 1:15 000 in PBS, pH 7.4, were added to each well. The plates were then sealed and left to react for 1 h at room temperature. After addition of 100 p1 of peroxidaseconjugated sheep anti mouse IgG (Amersham NA 9311, diluted 1:2000, 1:1000 or 1500 in PBS, pH 7.4 to each well, the plates were incubated for 1 h at room temper-ature. Then 100 p1 of substrate (0-phenylenediamine dihydrochloride, Sigma Immuno ChemicalsN P-3804) were added to each well to visualise the bound enzyme. The colour reaction was stopped after 20 min at room temperature by addition of 100 p1 of 1 M H2SO4. The colour intensity was read by an automatic ELISAreader at 492 nm (A4q1). Positive and negative plasma samples, identical to those described by Melby & Falk (1995) , were included on each microtitre plate.
The results were considered positive with regard to antibody response against IPNV when at least 2 of the 3 serum dilutions gave a minimum difference of 0.2 between colour reactions of wells coated with IPNV and wells coated only with uninfected cell culture antigen. All samples were examined twice. Any sample showing variable res'ults was re-examined and considered positive only if 2 of 3 parallel tests gave positive results.
Seawater challenge test and plasma chloride analyses. Prior to seawater transfer, 25 fish from each smolt group were collected and transported in plastic bags containing water and oxygen from the freshwater hatchery to a test station. The fish were kept in tanks with fresh water for 1 d and then transferred to tanks with constantly aerated 35% seawater Raw seawater was filled into the tanks and adjusted to 35%(, with hw-Marinemix, Wimexa (Wiegandt, GMBH, Krefeld, Germany). No feed was offered to the fish during testing. The experimental exposure to seawater lasted for 24 h, and the fish were weighed and blood samples withdrawn from the caudal vein into heparinized evacuated blood collecting tubes. Plasma samples were collected from 10 fish in each group, 2 and 6 wk after seawater transfer.
The samples were kept on ice while blood smears were made, and then centrif.uged at 1741 X g for 5 min, the plasma extracted and immediately frozen at -18°C. After transfer to the laboratory, the plasma samples were maintained at -70°C. The plasma chloride values were analyzed using a Radiometer CMT 10 Chloride Titrator. All samples were analyzed twice, and the paired mean values were used for further analyses. The chloride values prior to seawater transfer were excluded in 1 group due to an accident with the water supply during seawater challenge.
Erythrocytic inclusion body syndrome (EIBS). At each sampling, blood smears from 5 fish per group were prepared, air dried, and fixed in methanol for 5 min. After staining with Leishman-Giemsa, the smears were examined by light microscopy at lOOOx magnification. At least 60 microscopic fields were examined before a fish was classified as negative. If EIBS-like inclusions were detected in a field of view, an additional 20 fields were examined to confirm a positive diagnosis of EIBS. A smolt group was classified as EIBS-positive if inclusions were diagnosed in the red blood cells of 1 of the 5 fish sampled.
Pathology. During disease outbreaks, samples of pyloric caeca with attached pancreatic tissue from moribund fish were fixed in 10 'Y'o phosphate-buffered formalin. The tissue samples were processed and embedded in paraffin wax using standard procedures. Sections (4 to 6 pm) were stained with haematoxylin and eosin (H&E) and examined by light microscopy. Samples with pancreatic lesions were examined immunohistochemically for the identification of IPNV (Evensen & Rimstad 1990 , Taksdal et al. 1995 . A positive diagnosis of IPN was based on exocrine pancreatic necrosls together with positive reactivity for IPNV in the pancreatic lesions.
Before the study started, all smolt groups had been under regular health surveillance by the local fish health veterinarian. Routine diagnostic procedures included sampling of pancreatic tissues if IPN could be suspected. Smolt groups which had experienced a clinical IPN outbreak prior to the start of the study were classified as historic IPN The same routine diagnostic procedures were also carried out by the local fish health service during the study period.
In order to diagnose possible subclinical cases of IPN before seawater transfer, samples of pancreatic tissue from 5 salmon smolts per group were collected immediately after blood sampling and examined as described above.
Statistical analyses. The statistical analyses were performed in the SAS-PC SystemB Version 6.08 for Windows (SAS Institute Inc., Cary, NC, USA, 1989) and EGRET (Statistics and Epidemiology Research Corporation, Seattle, USA, 1991), using smolt group as the statistical unit. The prevalence of specific antibodies against IPNV and infection with EIBS is given by the group-level prevalence representing the mean value within the group and the prevalence representing the prevalence when groups are classified as negative or positive. The arithmetic mean of the individual chloride values in the sample was used as the group mean value.
Student's t-test was used to test for a difference in mean values of continuously distributed variables between classes. The strenght of the association between an exposure factor and disease is estimated by the relative risk (RR) where the cumulative risk in the exposed goup is related to the cumulative risk in a baseline reference unexposed group. The exact 95 % confidence intervals (Cl) were calculated, but due to the presence of zero in some cells of the frequencies tables in the stratified analysis, 0.5 was added to each cell when stratified RR and confidence limits were calculated.
RESULTS
had multifocal, though non-extensive, necrosis of exocrine pancreatic tissue. Immunohistochemical exaDescriptive results mination revealed IPNV-antigen in these lesions, indicating subclinical IPN. No historic IPN had been Of the 29 included groups 22 consisted of l-yr-old reported during the freshwater period, and no clinical smolt with a mean body weight of 46.2 g before sea-IPN was observed during the study period. Historlc water transfer, while the average weight of the fish in IPN had been recorded previously in 8 other groups. seven 2-yr-old smolt groups was 168.0 g .
During the observation period in seawater, outbreaks After sea-water transfer, fish from 8 of the initial 29 of IPN were diagnosed in 8 of the 38 post-smolt groups. groups were distributed among various sea sites, whereas l group dropped out of the study. At this stage the material comprised 38 post-smolt groups kept in Specific antibodies to IPNV 24 sea sites. From 1 group no blood samples were collected in the second sampling.
Prior to seawater transfer, specific antibodies against The earliest and latest tests of the h,ypo-osmoregula-IPNV were detected in 18 (62.1 %) of the 29 groups, a tory ability of the fish prior to sea-water transfer were maximum group-level prevalence of 60% was found performed on 26 April and 12 July, respectively. On ( Fig. 1) . At the first and second sampling after seaaverage, the fish were transferred to sea 4.1 d after the water transfer, antibodies were found in 45.9 and seawater challenge. A total of 19.2 d elapsed before 57.9% of the groups, respectively. In 15 (40.5%) of the the second sampling and a n additional 28.9 d until the 37 groups, no specific antibodies were found at any third sampling. The mean length of the period from sampling. sea-water transfer to the second and third sampling Prior to seawater transfer, the mean group-level was 15.0 and 44.0 d, respect~vely.
prevalence of specific antibodies against IPNV in l-yr-old (0.16) and 2-yr-old smolt (0.15) was quite similar. In groups which had suffered from clinical Pathological examinations IPN during the freshwater period, the mean grouplevel prevalence of specific antibodies against IPNV No pathological changes typical of IPN were dewas estimated to be 27% prior to sea-water transfer, tected prior to seawater transfer in 28 of the 29 groups, whereas in the corresponding IPN-negative groups the In the remaining group, 1 of 5 tissue sections tested prevalence was 1 2 % ( Table 1) . The mean freshwater temperature recorded during the month prior to the first 60 sampling was 8S°C in groups demonstrated to be IPNV-antibody positive prior to release 50 in the sea site. This was higher than the average of 5.6"C in the parallel negative groups (p < 0.06).
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For fish which had acquired specific immu- 100 group-days at risk after seawater transfer Group-level prevalence in Table 2 . IPN was not diagnosed in the In groups in which specific antibodies against IPNV were detected prior to seawater release the total cumulative mortality during the observation period in the sea was 3 . 9 % , the corresponding figure for the antibody-negative groups being 6.6 % (p < 0.06).
Plasma chloride concentration
Prior to seawater transfer but after experimental challenge with seawater for 24 h, the average plasma chloride level for all groups was 153.0 mM, the corresponding value for the first and second sampling after seawater transfer being 142.0 and 143.3 mM, respectively. Prior to seawater transfer, the average chloride concentration was 152.4 mM in l-yr-old smolt and 152.8 mM in 2-yr-old smolt. However, the plasma chloride concentrations for l-yr-old smolt decreased from 157.0 mM when tested in April-May to 150.1 mM in June-July. All 2-yr-old smolt were transferred to seawater during April-May.
Smolt groups with historic IPN during the freshwater period had slightly higher plasma chloride concentrations (156.9 mM) than smolt with no history of IPN (152.4 mM) (p = 0.29). However, after seawater transfer the chloride concentrations in the historic IPN-positive groups were lower than the corresponding IPNnegative groups (Table 3) . No relationship between the hypo-osmoregulatory ability and the risk of IPN after seawater transfer could be demonstrated, as the mean plasma chloride levels for fish which developed clinlcal IPN were quite sinlilar for all 3 samplings (Table 3) . 
EIBS
The number of EIBS-positive groups declined from 48.3% before seawater release to 42.1 % for the first sampling and 28.9% for the second sampl~ng after seawater transfer (Fig. 2 ) . Of the 37 groups investigated for EIBS in all 3 samplings 14 (37.8%) were negative for EIBS on each occasion, whereas 5 of the 19 groups which were EIBS-negative prior to seawater transfer subsequently became positive.
Before seawater transfer, the prevalence of EIBS in 2-yr-old smolt (0.54) was significantly higher than the prevalence in l-yr-old smolt (0.20) (p < 0.05) ( Table 1) . The prevalence of EIBS in fish with historic IPN during the freshwater period was 0.29, whereas in IPN-free groups the mean positive proportion was 0.28. The odds ratio of clinical IPN for the EIBS-positive groups compared to the EIBS-negative groups prior to seawater transfer was calculated to be 0.9 (95% CI: 0.6 to 1.2). During the observation period in seawater, the total cumulative mortality in groups classified as EIBS-positive prior to seawater transfer was 5.0%, compared to 4 . 9 % for the corresponding EIBS-negative groups.
DISCUSSION
Smolt with no historic IPN recorded during the freshwater period but which had acquired specific humoral immunity against IPNV prior to seawater transfer were protected against clinical IPN during a time period of approximately 4 mo after seawater transfer. Such specific protective immunity against new infections with a.
homologous agent has been demonstrated experimentally for several virus infections. It has been shown that coho salmon artificially infected with EIBS which recovered from the disease were less susceptible to rechallenge with EIBS (Piacentini et al. 1989) . Houghton (1994) (Mellerick & Fraser 1987) . Such reactivation may follow a stimulation of the cells harbouring the virus (Klein 1985) . Bootland et al. (1990) found that if fry Lvere immunized with inactivated IPNV vaccine, protection was only achieved in specific age groups of fish. Further studies should be performed in order to confirm the results from this small study and to determine whether the time of infection with IPNV might influence on the development of specific immunity against IPNV and protection against subsequent clinical IPN Specific antibodies against IPNV were detected in more than 60% of the fish groups prior to seawater transfer. As the prevalence of IPNV carriers has been reported to be very high in the Norwegian farmed population (Melby et al. 1991) , it is not surprising to find indications of frequent exposure to IPNV. Clinical IPN had only been recorded in some of the groups. The production of antibodies against IPNV in the other groups may be due to a prior or continuing subclinical natural infection or a non-recorded clinical IPN with unspecific mortality. In another experimental study including 20-mo-old smolt prior to seawater transfer, specific antibodies against IPNV were detected in 36% of the fish examined and a prevalence of IPNV of 41 %. However, no association was found between the presence of virus and specific antibodies (Melby & Falk 1995) .
The examination of all plasma samples for antibodies against IPNV included wells where IPNV antigen was omitted from the antigen coat of the microtitreplate. Melby & Falk (1995) have shown that some plasma samples give significant reactions against this control cell culture antigen. In the present study, a notable proportion of the plasma samples showed this nonspecific background reaction, increasing in number and strength from the first to the last sampling. A similar finding was reported by Olesen et al. (1991) using an indirect antigen capture ELISA for the detection of antibodies to Egtved virus in trout. They obtained both better sensitivity and specificity with the ELISA when the differences between the reactivity in wells coated with virus antigen and in wells where the virus antigen layer was omitted were taken into account. The cause of this unspecific reactivity is unknown, but could be due to polyspecific natural or crossreacting antibodies (Gonzalez et al. 1988 , Michel et al. 1990 ). The sensitivity and specificity of the ELISA in the present study is not known. As most fish farms in Norway probably harbour IPNV carriers, and since use of cell culture for isolation of IPNV is not an accurate procedure for detection of IPNV, unquestionably negative plasma samples cannot be obtained. In our opinion, the use of a negative antigen control in the ELISA should solve this problem.
No relationship was found between EIBS and the risk of clinical IPN in post-smolts, and no increased mortality was observed in EIBS-~nfected post-smolt d u r~n g the first months after seawater transfer. In fish artificially infected with EIBS, increased morta.lities were observed when compared to negative controls (Tanaka et al. 1994) . The fish in the present study were healthy prior to seawater transfer, and the level of EIBS-infection might have been less severe than in artificially infected fish. The prevalence of EIBS prior to seawater release was significantly higher in 2-yr-old smolt than in yearling fish, which can be explained by a longer exposure period to EIBS through fresh water.
The validity of the present small field study may be questioned, as the study groups were sampled by convenience. However, the studied freshwater and seawater farms are commercial farms representative of the area. In the statistical analyses no adjustment was made for potential cluster effect within the freshwater or sea site when several groups from the same site were included. Exact methods were used to test homogeneity across class levels and in the estimation of confidence intervals. However, the trends in the achieved results are uniform and biologically plausi'ble, and hopefully contribute to a better understanding of the mechanism of IPN in post-smolts.
